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(57) ABSTRACT

Provided is a method for manufacturing a semiconductor
device so as not expose a semiconductor layer to moisture and
the number of masks is reduced. For example, a first conduc-
tive film, a first insulating film, a semiconductor film, a sec-
ond conductive film, and a mask film are formed. The first
mask film is processed to form a first mask layer. Dry etching
is performed on the first insulating film, the semiconductor
film, and the second conductive film with the use of the first
mask layer to form a thin film stack body, so that a surface of
the first conductive film is at least exposed. Sidewall insulat-
ing layers covering side surfaces of the thin film stack body
are formed. The first conductive film is side-etched to form a
first electrode. A second electrode layer is formed with the
second mask layer.
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1
METHOD FOR MANUFACTURING
SEMICONDUCTOR DEVICE WITH
SIDEWALL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a manufacturing method thereof. Note that in this speci-
fication, a semiconductor device refers to a semiconductor
element itself or a device including a semiconductor element.
As an example of such a semiconductor element, for example,
atransistor (a thin film transistor and the like) can be given. In
addition, a semiconductor device also refers to a display
device such as a liquid crystal display device.

2. Description of the Related Art

Inrecent years, semiconductor devices are indispensable to
human life. Semiconductor elements, such as thin film tran-
sistors, included in semiconductor devices are manufactured
in such a manner that a thin film such as a semiconductor film
is formed over a substrate and the thin film is processed into
a desired shape by a photolithography method or the like.
Such a manufacturing method is used for manufacturing an
active matrix liquid crystal display device (e.g., a liquid crys-
tal television).

A semiconductor device typified by an active matrix liquid
crystal display device is generally manufactured by a photo-
lithography method. In a photolithography method, it is
required to reduce the number of photomasks in view of
productivity. For example, techniques by which the number
of photomasks can be reduced are disclosed in Patent Docu-
ments 1 to 4.

Meanwhile, as a material for a semiconductor layer pro-
vided for a thin film transistor, silicon is widely used. On the
other hand, in recent years, a thin film transistor including an
oxide semiconductor as a material for a semiconductor layer
has been actively researched. However, it is known that car-
rier concentration is greatly changed in a thin film transistor
including an oxide semiconductor when moisture enters the
semiconductor layer (e.g., Patent Document 5 and Patent
Document 6). It is also known that characteristics of a thin
film transistor including a semiconductor other than an oxide
semiconductor are changed when moisture enters the semi-
conductor layer (e.g., Patent Document 7).

REFERENCE
Patent Documents

[Patent Document 1] Japanese Published Patent Application
No. 2009-158941

[Patent Document 2] Japanese Published Patent Application
No. 2009-239272

[Patent Document 3] Japanese Published Patent Application
No. 2009-239276

[Patent Document 4] Japanese Published Patent Application
No. 2010-199570

[Patent Document 5] Japanese Published Patent Application
No. 2010-182818

[Patent Document 6] Japanese Published Patent Application
No. 2010-182819

[Patent Document 7] Japanese Published Patent Application
No. 2005-055660

SUMMARY OF THE INVENTION

According to the techniques disclosed in Patent Docu-
ments 1 to 4, the number of photomasks can be reduced.
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However, for example, a resist mask is used for forming a
source electrode and a drain electrode; therefore, the resist
mask needs to be removed after forming the source electrode
and the drain electrode. A resist mask is generally removed
using a resist stripper, in which a layer exposed by being
processed is exposed to a resist stripper. On the other hand, a
resist mask can also be removed by oxygen plasma dry pro-
cess; however, some of the resist might remain.

Once moisture enters a semiconductor layer, it is not easy
to remove the moisture. Heat treatment performed on a semi-
conductor layer that moisture enters can be given as an
example of a means for removing the entering moisture.
However, in the case where a semiconductor layer is provided
over a glass substrate, for example, the heating temperature is
limited and it takes long time to complete the heat treatment,
causing a decrease in throughput.

One embodiment of the present invention aims to provide
a method for manufacturing a semiconductor device, in
which no surface of a portion to be a semiconductor layer is
exposed to moisture or the like, and the number of photo-
masks used in a photolithography method can be reduced. In
particular, it is an object to provide a method for manufactur-
ing a semiconductor device, in which no surface of a portion
to be a semiconductor layer is exposed to a stripper in remov-
ing a resist mask, and the number of photomasks used in a
photolithography method can be reduced.

One embodiment of the present invention provides a
method for manufacturing a semiconductor device, in which
the semiconductor device can be manufactured without
exposing a portion to be a semiconductor layer to a chemical
solution (e.g., a resist stripper) by sealing the portion to be a
semiconductor layer, and the number of masks can be
reduced.

One embodiment of the present invention is a method for
manufacturing a semiconductor device, including the steps
of: forming a first conductive film, a first insulating film, a
semiconductor film, a second conductive film, and a mask
film in this order; forming a first resist mask over the mask
film; forming a first mask layer by processing the mask film
with the use of the first resist mask; removing the first resist
mask using a chemical solution (e.g., a resist stripper); form-
ing a thin film stack body by performing dry etching on the
first insulating film, the semiconductor film, and the second
conductive film with the use of the first mask layer, so that a
surface of the first conductive film is at least exposed; forming
a sidewall insulating layer covering a side surface of the thin
film stack body; forming a first electrode layer by performing
side etching on the first conductive film; forming a second
resist mask over the first mask layer over the thin film stack
body (or an additional mask film over the thin film stack body,
which is formed after removing the first mask layer); forming
a second mask layer by processing the first mask layer or the
additional mask film with the use of the second resist mask;
removing the second resist mask using a chemical solution
(e.g., a resist stripper); and forming a second electrode layer
by processing an upper portion of the thin film stack body
with the use of the second mask layer. The step of exposing
the semiconductor film is performed after removing the first
resist mask or the second resist mask.

Note that in this specification, a first electrode layer forms
at least a gate electrode and may form a gate wiring. A second
electrode layer forms a source electrode and a drain electrode
and may form a source wiring.

Note that in this specification, a “film” is to be processed in
a later step and is substantially uniformly formed over a
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surface. A “layer” is a processed film or is substantially uni-
formly formed over a surface and does not need to be pro-
cessed in a later step.

Note that in this specification, etch-back treatment refers to
an etching process in which a film formed over an entire
surface is subjected to highly anisotropic etching (e.g., dry
etching) until part of the surface over which the film is formed
is exposed.

In the structure of one embodiment of the present inven-
tion, the first resist mask and the second resist mask may be
removed in a dry process. A cleaning process is preferably
performed after that process.

Alternatively, in the structure of one embodiment of the
present invention, one of the first resist mask and the second
resist mask may be removed using a chemical solution and the
other may be removed in a dry process.

According to one embodiment of the present invention, a
semiconductor device can be manufactured in such a manner
that no surface of a portion to be a semiconductor layer is
exposed to moisture or the like, and the number of photo-
masks used in a photolithography method is reduced. In par-
ticular, a semiconductor device can be manufactured in such
a manner that no surface of a portion to be a semiconductor
layer is exposed to a stripper in removing a resist mask and the
number of photomasks used in a photolithography method is
reduced.

According to one embodiment of the present invention, a
semiconductor device can be manufactured in such a manner
that a resist does not remain, no surface of a portion to be a
semiconductor layer is exposed to moisture, and the number
of' photomasks used in a photolithography method is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1D are cross-sectional views illustrating a
method for manufacturing a semiconductor device that is one
embodiment of the present invention;

FIGS. 2A to 2D are cross-sectional views illustrating a
method for manufacturing a semiconductor device that is one
embodiment of the present invention;

FIGS. 3A to 3D are cross-sectional views illustrating a
method for manufacturing a semiconductor device that is one
embodiment of the present invention;

FIGS. 4A to 4D are cross-sectional views illustrating a
method for manufacturing a semiconductor device that is one
embodiment of the present invention;

FIGS. 5A to 5C are cross-sectional views illustrating a
method for manufacturing a semiconductor device that is one
embodiment of the present invention;

FIG. 6 is a top view illustrating a method for manufacturing
a semiconductor device that is one embodiment of the present
invention;

FIG. 7 is atop view illustrating a method for manufacturing
a semiconductor device that is one embodiment of the present
invention;

FIG. 8 is atop view illustrating a method for manufacturing
a semiconductor device that is one embodiment of the present
invention;

FIG.9is atop view illustrating a method for manufacturing
a semiconductor device that is one embodiment of the present
invention;

FIG. 10 is a top view illustrating a method for manufactur-
ing a semiconductor device that is one embodiment of the
present invention;
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FIG. 11 is a top view illustrating a method for manufactur-
ing a semiconductor device that is one embodiment of the
present invention;

FIG. 12 is a top view illustrating a method for manufactur-
ing a semiconductor device that is one embodiment of the
present invention;

FIG. 13 is a top view illustrating a method for manufactur-
ing a semiconductor device that is one embodiment of the
present invention;

FIG. 14 is a top view illustrating a method for manufactur-
ing a semiconductor device that is one embodiment of the
present invention;

FIG. 15 illustrates a semiconductor device that is one
embodiment of the present invention;

FIGS. 16A and 16B each illustrate a semiconductor device
that is one embodiment of the present invention; and

FIG. 17 illustrates a semiconductor device that is one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings. However, the present invention is not limited to the
following description and it is easily understood by those
skilled in the art that the mode and details can be variously
changed without departing from the scope and spirit of the
present invention. Accordingly, the present invention should
not be construed as being limited to the description of the
embodiments below. Note that an insulating film and an insu-
lating layer are not illustrated in a top view in some cases.

Embodiment 1

In this embodiment, a method for manufacturing a semi-
conductor device that is one embodiment of the present inven-
tion will be described with reference to drawings.

A method for manufacturing a semiconductor device of
one embodiment of the present invention, which is described
in this embodiment, includes the steps of: stacking a first
conductive film, a first insulating film, a semiconductor film,
a second conductive film, and a mask film in this order;
forming a first resist mask over the mask film; forming a first
mask layer by performing dry etching or wet etching on the
mask film with the use of the first resist mask; removing the
first resist mask using a resist stripper; forming a thin film
stack body by performing dry etching on the first insulating
film, the semiconductor film, and the second conductive film
with the use of the first mask layer, so that a surface of the first
conductive film is at least exposed; forming a second insulat-
ing film so as to cover the first mask layer and the thin film
stack body; forming a sidewall insulating layer so as to cover
atleast the entire side surface of a semiconductor region of the
thin film stack body by performing etch-back treatment on the
second insulating film; forming a first electrode layer by
performing wet etching or dry etching in which part of the
first conductive film is side-etched; forming a second resist
mask over the first mask layer; forming a second mask layer
by performing dry etching or wet etching on the first mask
layer with the use of the second resist mask; removing the
second resist mask using a resist stripper; and forming a
second electrode layer and a semiconductor layer by perform-
ing dry etching on an upper portion of the thin film stack body
with the use of the second mask layer.

Alternatively, in a method for manufacturing a semicon-
ductor device of one embodiment of the present invention, the
second mask layer is not necessarily formed by processing



US 9,276,124 B2

5

the first mask layer. In this case, the first mask layer may be
removed after formation of the thin film stack body, a second
mask film may be formed after formation of the sidewall
insulating layer, and a second mask layer may be formed by
processing the second mask film. Accordingly, a method for
manufacturing a semiconductor device of one embodiment of
the present invention, which is described in this embodiment,
includes the steps of: stacking a first conductive film, a first
insulating film, a semiconductor film, a second conductive
film, and a first mask film in this order; forming a first resist
mask over the first mask film; forming a first mask layer by
performing dry etching or wet etching on the first mask film
with the use of the first resist mask; removing the first resist
mask using a resist stripper; forming a thin film stack body by
performing dry etching on the first insulating film, the semi-
conductor film, and the second conductive film with the use of
the first mask layer, so that a surface of the first conductive
film is at least exposed; removing the first mask layer by dry
etching; forming a second insulating film so as to cover the
thin film stack body; forming a sidewall insulating layer so as
to cover at least the entire side surface of a semiconductor
region of the thin film stack body by performing etch-back
treatment on the second insulating film; forming a first elec-
trode layer by performing wet etching or dry etching in which
part of the first conductive film is side-etched; forming a
second mask film over at least the thin film stack body;
forming a second resist mask over the second mask film;
forming a second mask layer by performing dry etching or
wet etching on the second mask film with the use of the
second resist mask; removing the second resist mask using a
resist stripper; and forming a second electrode layer and a
semiconductor layer by performing dry etching on an upper
portion of the thin film stack body with the use of the second
mask layer.

Alternatively, in a method for manufacturing a semicon-
ductor device of one embodiment of the present invention, the
first mask layer may be removed in formation of the sidewall
insulating layer. Accordingly, a method for manufacturing a
semiconductor device of one embodiment of the present
invention, which is described in this embodiment, includes
the steps of: stacking a first conductive film, a first insulating
film, a semiconductor film, a second conductive film, and a
first mask film in this order; forming a first resist mask over
the first mask film; forming a first mask layer by performing
dry etching or wet etching on the first mask film with the use
of'the first resist mask; removing the first resist mask using a
resist stripper; forming a thin film stack body by performing
dry etching on the first insulating film, the semiconductor
film, and the second conductive film with the use of the first
mask layer, so that a surface of the first conductive film is at
least exposed; forming a second insulating film so as to cover
the first mask layer and the thin film stack body; forming a
sidewall insulating layer so as to cover at least the entire side
surface of a semiconductor region of the thin film stack body
and removing the first mask layer by performing etch-back
treatment on the second insulating film; forming a first elec-
trode layer by performing wet etching or dry etching in which
part of the first conductive film is side-etched; forming a
second mask film over at least the second conductive layer;
forming a second resist mask over the second mask film;
forming a second mask layer by performing dry etching or
wet etching on the second mask film with the use of the
second resist mask; removing the second resist mask using a
resist stripper; and forming a second electrode layer and a
semiconductor layer by performing dry etching on an upper
portion of the thin film stack body with the use of the second
mask layer.
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Note that in the structure of the method for manufacturing
a semiconductor device, the first electrode layer may be
formed after formation of the second resist mask and before
formation of the second mask layer. Alternatively, the first
electrode layer may be formed after formation of the second
mask layer and before removal of the second resist mask
using a stripper. Further alternatively, the first electrode layer
may be formed after removal of the second resist mask using
a stripper.

First, a base insulating layer 102, a first conductive film
104, a first insulating film 106, a semiconductor film 108, a
second conductive film 110, and a mask film 112 are formed
over a substrate 100. These films may each have a single-layer
structure or a stacked structure including a plurality of layers.
Then, a first resist mask 114 is formed over the mask film 112
(FIG. 1A and FIG. 6).

The substrate 100 is an insulating substrate. As the sub-
strate 100, for example, a glass substrate, a quartz substrate, a
ceramic substrate, or a plastic substrate or the like with heat
resistance that is high enough to withstand a process tempera-
ture in this manufacturing process can be used. When the
substrate 100 is a glass substrate, the substrate may have any
size of the first generation (e.g., 320 mmx400 mm) to the
tenth generation (e.g., 2950 mmx3400 mm); however, the
substrate is not limited thereto.

Thebase insulating layer 102 is provided for preventing the
substrate 100 from being etched and preventing an alkali
metal or the like from entering a semiconductor film in the
case where the substrate 100 contains the alkali metal or the
like. For example, the base insulating layer 102 may be
formed using silicon nitride. Note that the base insulating
layer 102 is not necessarily provided.

The first conductive film 104 may be formed by a sputter-
ing method, a CVD method (including a plasma CVD
method, a thermal CVD method, and the like), or the like, for
example. A metal film, a semiconductor film to which an
impurity element imparting one conductivity type is added, or
the like can be given as an example of a material of the first
conductive film 104. Alternatively, the first conductive film
104 may be formed by an ink jet method or the like. Note that
the first conductive film 104 may be formed to have either a
single-layer structure or a stacked structure including a plu-
rality of layers. For example, a three-layer structure may be
employed in which an Al layer is sandwiched between Ti
layers or Mo layers.

The first insulating film 106 may be formed using an insu-
lating material (e.g., silicon nitride, silicon nitride oxide,
silicon oxynitride, or silicon oxide) by a sputtering method, a
CVD method (including a plasma CVD method, a thermal
CVD method, and the like), or the like, for example. Note that
the first insulating film 106 may be formed to have either a
single-layer structure or a stacked structure including a plu-
rality of layers.

Note that “silicon nitride oxide” contains more nitrogen
than oxygen and, in the case where measurements are per-
formed using Rutherford backscattering spectrometry (RBS)
and hydrogen forward scattering (HFS), preferably contains
oxygen, nitrogen, silicon, and hydrogen at concentrations
ranging from 5 at. % to 30 at. %, 20 at. % to 55 at. %, 25 at. %
to 35 at. %, and 10 at. % to 30 at. %, respectively.

“Silicon oxynitride” contains more oxygen than nitrogen
and, in the case where measurements are performed using
RBS and HFS, preferably contains oxygen, nitrogen, silicon,
and hydrogen at concentrations ranging from 50 at. % to 70 at.
%, 0.5 at. % to 15 at. %, 25 at. % to 35 at. %, and 0.1 at. % to
10 at. %, respectively.
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Note that percentages of nitrogen, oxygen, silicon, and
hydrogen fall within the ranges given above, where the total
number of atoms contained in the silicon oxynitride or the
silicon nitride oxide is defined as 100 at. %.

The semiconductor film 108 may be any semiconductor
film having either a single-layer structure or a stacked struc-
ture including a plurality of layers. An oxide semiconductor
film or a silicon film can be given as an example of the
semiconductor film 108.

In the case where the semiconductor film 108 is an oxide
semiconductor film, a four-component metal oxide such as an
In—Sn—Ga—Zn—0O-based oxide semiconductor; a three-
component metal oxide such as an In—Ga—7n—O-based
oxide semiconductor, an In—Sn—Zn—O-based oxide semi-
conductor, an In—Al—Zn—O-based oxide semiconductor, a
Sn—Ga—Zn—O-based oxide semiconductor, an Al—Ga—
Zn—0O-based oxide semiconductor, or a Sn—Al—Zn—0O-
based oxide semiconductor; a two-component metal oxide
such as an In—Zn—O-based oxide semiconductor, a
Sn—Zn—0-based oxide semiconductor, an Al—Zn—O-
based oxide semiconductor, a Zn—Mg—O-based oxide
semiconductor, a Sn—Mg—O-based oxide semiconductor,
or an In—Mg—0O-based oxide semiconductor; an In—O-
based oxide semiconductor, a Sn—O-based oxide semicon-
ductor, a Zn—0O-based oxide semiconductor, or the like can
be used. The oxide semiconductor film may contain SiO,. For
example, an In—Ga—7n—O-based oxide semiconductor
film means an oxide semiconductor film containing In, Ga, or
Zn, and there is no particular limitation on the stoichiometric
proportion. Further, the In—Ga—Z7n—O-based oxide semi-
conductor film may contain an element other than In, Ga, and
Zn.

In the case where the semiconductor film 108 is an oxide
semiconductor film, an oxide semiconductor represented by
the chemical formula InMO,(Zn0),, (m>0) can be used, for
example. Here, M represents one or more metal elements
selected from Ga, Al, Mn, and Co. For example, M can be Ga,
Ga and Al, Ga and Mn, or Ga and Co. The oxide semicon-
ductor film may contain silicon oxide.

A target used for formation of the oxide semiconductor
film by a sputtering method is, for example, an oxide target
containing In,0;, Ga,0;, and ZnO at a composition ratio of
1:1:1 [molar ratio]. Without limitation to the material and the
composition of the above target, an oxide target containing
In,0;, Ga,0;, and ZnO at a composition ratio of 1:1:2 [molar
ratio] may be used, for example.

Here, in the case where the semiconductor film 108 is an
oxide semiconductor film formed by a sputtering method, the
semiconductor film 108 can be formed by a sputtering
method in a rare gas (e.g., Ar) atmosphere, an oxygen atmo-
sphere, or a mixed atmosphere including a rare gas and oxy-
gen.

The filling rate of the oxide target is higher than or equal to
90% and lower than or equal to 100%, preferably higher than
or equal to 95% and lower than or equal to 99.9%. With the
use of the oxide target having a high filling rate, the oxide
semiconductor film to be formed can be a dense film.

In the case where the semiconductor film 108 is an oxide
semiconductor film, the first insulating film 106 which is in
contact with the semiconductor film 108 may be formed using
silicon oxide, sidewall insulating layers 122 to be formed later
may be also formed using silicon oxide, and heat treatment
may be performed under such a condition that the oxide
semiconductor film can be dehydrated or dehydrogenated.
Even in the case where heat treatment is performed in such a
manner, the heat treatment can be performed in a shorter time
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as compared to a conventional heat treatment because the
oxide semiconductor film is not exposed to moisture.

Alternatively, a silicon film may be used as the semicon-
ductor film 108. As the silicon film, an amorphous silicon film
may be used. Alternatively, a stacked silicon film in which a
silicon film with low carrier mobility is formed over a silicon
film with high carrier mobility may be used.

As the silicon film with high carrier mobility, a crystalline
silicon film can be given. As crystalline silicon, microcrys-
talline silicon can be given, for example. Here, microcrystal-
line silicon is silicon having an intermediate structure
between an amorphous structure and a crystalline structure
(including a single crystal structure and a polycrystalline
structure). Microcrystalline silicon is silicon having a third
state that is stable in terms of free energy and is crystalline
silicon having short-range order and lattice distortion, in
which column-like or needle-like crystal grains having a
diameter greater than or equal to 2 nm and less than or equal
to 200 nm, preferably greater than or equal to 10 nm and less
than or equal to 80 nm, more preferably greater than or equal
to 20 nm and less than or equal to 50 nm grow in a direction
normal to the substrate surface. Thus, there is a case where
crystal grain boundaries are formed at the interface of the
column-like or needle-like crystal grains. Note that the crystal
grain size here means a maximum diameter of a crystal grain
in a plane parallel to the substrate surface. Further, the crystal
grain includes an amorphous silicon region and a crystallite
which is a minute crystal that can be regarded as a single
crystal. The crystal grain may include a twin crystal.

Microcrystalline silicon has a peak of Raman spectrum
which is shifted to a lower wave number side than 520 cm™
that represents single crystal silicon. That is, the peak of the
Raman spectrum of microcrystalline silicon is within the
range from 520 cm™" which represents single crystal silicon,
to 480 cm™* which represents amorphous silicon. The micro-
crystalline silicon may contain hydrogen or halogen of at
least 1 at. % to terminate dangling bonds. Moreover, micro-
crystalline silicon contains a rare gas element such as He, Ar,
Kr, or Ne to further promote lattice distortion, so that stability
is increased and favorable microcrystalline silicon can be
obtained.

As the silicon film with low carrier mobility, an amorphous
silicon film may be used. A silicon film including amorphous
silicon and a minute silicon crystal grain, which has lower
energy at the Urbach edge, which is measured by a constant
photocurrent method (CPM) or photoluminescence spec-
trometry, and a smaller quantity of absorption spectra of
defects, as compared to a conventional amorphous silicon
film, is preferably used. As compared to the conventional
amorphous silicon film, such a silicon film is a well-ordered
silicon film which has few defects and a steep tail slope of a
level at a band edge (a mobility edge) in the valence band.

The silicon film with low carrier mobility may contain
halogen or nitrogen. In the case of containing nitrogen, nitro-
gen may exist as an NH group or an NH, group.

Note that here, an interface region between the silicon film
with high carrier mobility and the silicon film with low carrier
mobility includes microcrystalline semiconductor regions
and amorphous semiconductor regions filling a space
between the microcrystalline semiconductor regions. Spe-
cifically, the interface region between the silicon film with
high carrier mobility and the silicon film with low carrier
mobility includes a microcrystalline semiconductor region
which extends in a conical or pyramidal shape from the sili-
con film with high carrier mobility and a “region including an
amorphous semiconductor” which is similar to the silicon
film with low carrier mobility.
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When the silicon film with low carrier mobility is provided
between the source and drain electrodes and the silicon film
with high carrier mobility, off-state current of the transistor
can be reduced. Further, since the interface region has the
microcrystalline silicon region which extends in a conical or
pyramidal shape, resistance in the vertical direction (the
direction in which the film grows) can be lowered and on-state
current of the transistor can be increased. In other words, as
compared to the case of using conventional amorphous sili-
con, the off-state current can be sufficiently reduced and
reduction in on-state current can be suppressed; thus, switch-
ing characteristics of the transistor can be improved.

Note that the microcrystalline silicon region grows from a
surface of the silicon film with high carrier mobility in the
film thickness direction. When the flow rate of hydrogen with
respect to that of a deposition gas (e.g., silane) in a source gas
is low (that is, the dilution ratio is low) or when the concen-
tration of a source gas containing nitrogen is high, crystal
growth in the microcrystalline silicon region is suppressed,
and thus, crystal grains come to have a conical or pyramidal
shape, and a large portion of the deposited silicon is amor-
phous.

The second conductive film 110 may be formed by a sput-
tering method, a CVD method (including a plasma CVD
method, a thermal CVD method, and the like), or the like, for
example. Alternatively, the second conductive film 110 may
be formed by an ink jet method. Note that the second conduc-
tive film 110 may have a single-layer structure or a stacked
structure including a plurality of layers. For example, a two-
layer structure in which an Al film is formed over a Ti film
may be employed.

The mask film 112 may be formed using a material which
is not (is not easily) etched in a first etching process and a third
etching process performed later. As the mask film 112, for
example, an insulating film such as a silicon oxide film or a
silicon nitride film can be used. Alternatively, as the mask film
112, a metal film can be used, for example. In the case where
a metal film is used, the metal film can be used as part of an
electrode layer.

The first resist mask 114 is formed in such a manner that a
resist material is applied or the like over the mask film 112 and
then processed by a photolithography method.

Next, the mask film 112 is subjected to dry etching or wet
etching with the use of the first resist mask 114 to form a first
mask layer 116 (FIG. 1B). In this embodiment, this process is
referred to as the first etching process.

Here, the first etching process may be performed under
such conditions that the etching rate of the second conductive
film 110 is low and the etching rate of the mask film 112 is
high. In other words, the first etching process may be per-
formed under such conditions that the etching selectivity of
the mask film 112 with respect to the second conductive film
110 is high.

Next, the first resist mask 114 is removed using a resist
stripper (FIG. 1C and FIG. 7).

Next, the second conductive film 110, and the semiconduc-
tor film 108, and the first insulating film 106 are subjected to
dry etching with the use of the first mask layer 116 to form a
thin film stack body 118 (FIG. 1D and FIG. 8). In this embodi-
ment, this process is referred to as a second etching process.

Here, the second etching process may be performed under
such conditions that the etching rate of the first mask layer
116 is low and the etching rates of the second conductive film
110, the semiconductor film 108, and the first insulating film
106 are high. In other words, the second etching process may
be performed under such conditions that the etching selectiv-
ity of the second conductive film 110, the semiconductor film
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108, and the first insulating film 106 with respect to the first
mask layer 116 is high. Note that the second etching process
preferably includes a plurality of steps (e.g., two or three
steps) because plural kinds of films are etched.

For example, the second etching process may be performed
by a first step in which etching is performed with the use of'a
mixed gas ofa Cl, gas, a CF, gas, and an O, gas, a second step
in which etching is performed with the use of' a Cl, gas, and a
third step in which etching is performed with the use of a
CHF,; gas.

Here, the first mask layer 116 may be removed. A method
by which a semiconductor region of the thin film stack body
118 is not exposed to moisture (e.g., dry etching treatment) is
applied to the removal of the first mask layer 116.

Next, a sidewall insulating film 120 which covers the thin
film stack body 118 is formed by a sputtering method, a CVD
method (including a plasma CVD method, a thermal CVD
method, and the like), or the like (FIG. 2A).

Note that the sidewall insulating film 120 is preferably
formed using the same material as that of the first insulating
film 106. This is in order that adhesion between the thin film
stack body 118 and sidewall insulating layers 122 to be
formed later is increased.

Alternatively, heat treatment may be performed after for-
mation ofthe sidewall insulating film 120. This is in order that
adhesion between the thin film stack body 118 and the side-
wall insulating layers 122 to be formed later is increased.

Next, the sidewall insulating film 120 is subjected to etch-
back treatment to form the sidewall insulating layers 122 so as
to cover at least the entire side surfaces of the semiconductor
region of the thin film stack body 118 (FIG. 2B). Here, the
etch-back treatment is performed until the first mask layer
116 or a conductive region of the thin film stack body 118 is
exposed.

Next, wet etching or dry etching in which part of the first
conductive film 104 is side-etched is performed to form a first
electrode layer 124 (FIG. 2C and F1G. 9).

In the etching process for forming the first electrode layer
124, the first conductive film 104 needs to be side-etched
while the base insulating layer 102 and the sidewall insulating
layers 122 are not etched and, in the case where the conduc-
tive region of the thin film stack body 118 (the region formed
of the second conductive film 110) is exposed, the region is
not etched. Accordingly, for example, an Al film or a Mo film
may be formed as the first conductive film 104, a Ti film or a
W film may be formed as the second conductive film 110, and
a chemical solution containing nitric acid, acetic acid, and
phosphoric acid may be used as an etchant. Alternatively, a
Mo film may be formed as the first conductive film 104, a Ti
film, an Al film, or a W film may be formed as the second
conductive film 110, and a chemical solution containing
hydrogen peroxide may be used as an etchant.

Next, a second resist mask 126 is formed over the first mask
layer 116 (FIG. 2D and FIG. 10).

The second resist mask 126 is formed in such a manner that
a resist material is applied or the like over the first mask layer
116 and then processed by a photolithography method.

In the case where the first mask layer 116 is removed
through the steps up to here, a second mask film (not illus-
trated) is formed over at least the thin film stack body 118 and
the second resist mask 126 is formed over the second mask
film.

Next, the first mask layer 116 or the second mask film (not
illustrated) is subjected to dry etching or wet etching with the
use of the second resist mask 126 to form a second mask layer
128. In this embodiment, this process is referred to as the third
etching process (FIG. 3A and FIG. 11).
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Here, the third etching process may be performed under
such conditions that the etching rates of at least the second
conductive film 110, the sidewall insulating layers 122, and
the first insulating film 106 are low and the etching rate of the
mask film 112 is high. In other words, the third etching
process may be performed under such conditions that the
etching selectivity of the mask film 112 with respect to the
second conductive film 110, the sidewall insulating layers
122, and the first insulating film 106 is high.

Next, the second resist mask 126 is removed using a resist
stripper (FIG. 3B and FIG. 12).

Next, the conductive region of the thin film stack body 118
is subjected to dry etching with the use of the second mask
layer 128 to form a second electrode layer 130. In this
embodiment, this process is referred to as a fourth etching
process (FIG. 3C and FIG. 13). Note that through this process,
an upper portion of the semiconductor region of the thin film
stack body 118, which does not overlap with the second
electrode layer 130, is etched to form a semiconductor layer
132.

Here, the fourth etching process may be performed under
such conditions that the etching rate of the semiconductor
film 108 is low and the etching rate of the second conductive
film 110 is high. In other words, the fourth etching process
may be performed under such conditions that the etching
selectivity of the second conductive film 110 with respect to
the semiconductor film 108 is high.

Although not illustrated, the second mask layer 128 may be
removed after that. A means by which the semiconductor
region of the thin film stack body 118 is not exposed to
moisture (e.g., dry etching treatment) is applied to the
removal of the second mask layer 128.

In the method for manufacturing a semiconductor device
described above, a combination of a material of each of thin
films and a gas or an etchant used in an etching process should
be considered.

For example, in the case where the semiconductor film 108
is an In—Ga—Zn—0O-based oxide semiconductor film, the
second conductive film 110 is a Ti film, and the mask film 112
is an aluminum oxide film, a chemical solution in which
phosphoric acid, acetic acid, nitric acid, and pure water are
mixed (at the volume ratio of 85:5:5:5, for example) may be
used as an etchant in the first etching process and the third
etching process; a Cl-based gas may be used in the second
etching process; and an F-based gas may be used in the fourth
etching process. Alternatively, the fourth etching process may
be performed by two steps of etching using a Cl-based gas and
etching using an F-based gas.

Alternatively, in the case where the semiconductor film
108 is an In—Ga—Zn—0-based oxide semiconductor film,
the second conductive film 110 is a Ti film, and the mask film
112 is a silicon oxide film, hydrofluoric acid may be used as
an etchant in the first etching process and the third etching
process. In this case, a Cl-based gas may be used in the second
etching process, and an F-based gas may be used in the fourth
etching process. Alternatively, the fourth etching process may
be performed by two steps of etching using a Cl-based gas and
etching using an F-based gas.

Note that as an example of the Cl-based gas, a CCl, gas, a
SiCl, gas, a BCI; gas, or a Cl, gas can be given. Specifically,
a mixed gas of a BCl; gas and a Cl, gas is preferably used.

Note that as an example of the F-based gas, a CF,, gas, a SF
gas, aNF; gas,a CBrF; gas, aCF;SO;H gas, ora C,F gas can
be given. Specifically, a SF gas is preferably used.

Note that the sidewall insulating layers 122 may have a
stacked structure. In this case, as the inside sidewall insulat-
ing layers which are in contact with the side surfaces of the
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thin film stack body 118, a silicon oxide layer, a silicon
oxynitride layer, a silicon nitride oxide layer, or a silicon
nitride layer may be formed by a sputtering method or a CVD
method (including a plasma CVD method, a thermal CVD
method, and the like), and as the outside sidewall insulating
layers, a silicon oxide layer, a silicon oxynitride layer, a
silicon nitride oxide layer, or a silicon nitride layer may be
formed by a sputtering method or a CVD method (including
aplasma CVD method, a thermal CVD method, and the like),
for example. It is preferable that a silicon oxide layer be
formed by a sputtering method as the inside sidewall insulat-
ing layers and a silicon nitride layer be formed by a plasma
CVD method as the outside sidewall insulating layers, for
example, because hydrogen contained in the semiconductor
region of the thin film stack body 118 can be reduced and
sidewall insulating layers having high barrier properties,
which prevents hydrogen and moisture from entering the
semiconductor region of the thin film stack body 118, can be
formed. Further, in the case where the semiconductor film
108 is an oxide semiconductor film, a portion which is in
contact with the oxide semiconductor layer is formed using a
silicon oxide layer, so that oxygen can be supplied to the
oxide semiconductor layer.

Next, a protective insulating film 134 is formed so as to
cover the semiconductor device manufactured in the above
manner (FIG. 3D).

The protective insulating film 134 may be formed using an
insulating material, like the first insulating film 106. Note that
the protective insulating film 134 may have a single-layer
structure or a stacked structure including a plurality of layers.
Here, the protective insulating film 134 may be formed using
silicon nitride or aluminum oxide, for example.

Next, a third resist mask 136 is formed over the protective
insulating film 134 (FIG. 4A), and an opening portion 138 is
formed in a portion of the protective insulating film 134,
which overlaps with the second electrode layer 130 (FIG.
4B). After that, the third resist mask 136 is removed (FIG.
4C). Note that although not illustrated, in the case where the
second mask layer 128 is formed using a conductive material,
the second mask layer 128 is not necessarily removed in
formation of the opening portion 138.

Note that in the case where the second mask layer 128 is
removed before formation of the protective insulating film
134, an etching amount can be reduced in formation of the
opening portion 138.

Next, a pixel electrode layer 144 is selectively formed over
the protective insulating film 134 so as to be connected to the
second electrode layer 130 through the opening portion 138
(FIG. 5C). In this embodiment, as an example, a third con-
ductive film 140 is formed over the protective insulating film
134 (FIG. 4D), and a fourth resist mask 142 is formed over the
third conductive film 140 (FIG. 5A). Then, the third conduc-
tive film 140 is etched to form the pixel electrode layer 144
(FIG. 5B). After that, the fourth resist mask 142 is removed
(FIG. 5C and FIG. 14).

Without limitation thereto, the pixel electrode layer 144
may be selectively formed over the protective insulating film
134 by an ink jet method so as to be connected to the second
electrode layer 130 through the opening portion 138.

The third conductive film 140 can be a transparent conduc-
tive film. The transparent conductive film can be formed using
a conductive composition including a conductive high mol-
ecule (also referred to as a conductive polymer) having a
light-transmitting property. It is preferable that the transpar-
ent conductive film formed using the conductive composition
have a sheet resistance of less than or equal to 10000 Q/square
and a light transmittance of greater than or equal to 70% at a
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wavelength of 550 nm. Further, the resistivity of the conduc-
tive high molecule included in the conductive composition is
preferably less than or equal to 0.1 Q-cm.

As the conductive high molecule, a so-called w electron
conjugated conductive high molecule can be used. For
example, polyaniline or a derivative thereof, polypyrrole or a
derivative thereof, polythiophene or a derivative thereof, and
acopolymer of two or more of aniline, pyrrole, and thiophene
or a derivative thereof can be given.

The transparent conductive film can be formed using, for
example, indium oxide containing tungsten oxide, indium
zinc oxide containing tungsten oxide, indium oxide contain-
ing titanium oxide, indium tin oxide containing titanium
oxide, indium tin oxide (hereinafter referred to as ITO),
indium zinc oxide, indium tin oxide to which silicon oxide is
added, or the like.

Asdescribed above, the semiconductor device described in
this embodiment can be employed for a pixel transistor of a
liquid crystal display device, for example. Note that without
limitation thereto, the manufacturing method of this embodi-
ment may be applied to a method for manufacturing an ELL
display device.

Embodiment 2

Electronic paper can be given as a semiconductor device
which is one embodiment of the present invention. Electronic
paper can be used for electronic appliances of a variety of
fields as long as they can display data. For example, electronic
paper can be applied to an electronic book reader (e-book
reader), a poster, a digital signage, a public information dis-
play (PID), an advertisement in a vehicle such as a train,
displays of various cards such as a credit card, and the like. An
example of the electronic appliances is illustrated in FIG. 15.

FIG. 15 illustrates an example of an e-book reader. For
example, an e-book reader 200 includes two housings, a
housing 201 and a housing 203. The housing 201 and the
housing 203 are combined with a hinge 211 so that the e-book
reader 200 can be opened and closed with the hinge 211 as an
axis. With such a structure, the e-book reader 200 can be
handled like a paper book.

A display portion 205 and a photoelectric conversion
device 206 are incorporated in the housing 201. A display
portion 207 and a photoelectric conversion device 208 are
incorporated in the housing 203. The display portions 205 and
207 may display one image or different images. In the case
where the display portions 205 and 207 display different
images, for example, a display portion on the right (the dis-
play portion 205 in FIG. 15) can display text and a display
portion on the left (the display portion 207 in FIG. 15) can
display graphics.

Further, in FIG. 15, the housing 201 is provided with an
operation portion and the like. For example, the housing 201
is provided with a power switch 221, operation keys 223, a
speaker 225, and the like. Pages can be turned with the opera-
tion key 223. Note that a keyboard, a pointing device, or the
like may also be provided on the surface of the housing, on
which the display portion is provided. Further, an external
connection terminal (an earphone terminal, a USB terminal, a
terminal that can be connected to an AC adapter, various
cables such as a USB cable, or the like), a recording medium
insertion portion, and the like may be provided on the back
surface or the side surface of the housing. Moreover, the
e-book reader 200 may have a function of an electronic dic-
tionary.

The e-book reader 200 may be configured to transmit and
receive data wirelessly. Through wireless communication,
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desired book data or the like can be purchased and down-
loaded from an electronic book server.

The method for manufacturing a semiconductor device
described in Embodiment 1 is applied, whereby the semicon-
ductor device of this embodiment can be manufactured in a
simple process, in which any surfaces of a portion to be a
semiconductor layer provided for the semiconductor device is
not exposed to moisture or the like.

Embodiment 3

As asemiconductor device which is one embodiment of the
present invention, a variety of electronic appliances (includ-
ing an amusement machine) can be given in addition to elec-
tronic paper. Examples of electronic appliances are a televi-
sion set (also referred to as a television or a television
receiver), a monitor of a computer or the like, a camera such
as a digital camera or a digital video camera, a digital photo
frame, a mobile phone (also referred to as a cellular phone or
a mobile phone device), a portable game console, a portable
information terminal, an audio reproducing device, a large-
sized game machine such as a pachinko machine, and the like.

FIG. 16A illustrates an example of a television set. A
display portion 303 is incorporated in a housing 301 of a
television set 300. Images can be displayed on the display
portion 303. Here, the housing 301 is supported by a stand
305.

The television set 300 can be operated by an operation
switch of the housing 301 or a separate remote controller 310.
Channels can be switched and volume can be controlled with
operation keys 309 of the remote controller 310, whereby an
image displayed on the display portion 303 can be controlled.
Moreover, the remote controller 310 may have a display
portion 307 in which the information output from the remote
controller 310 is displayed.

Note that the television set 300 is provided with a receiver,
a modem, and the like. With the use of the receiver, a general
television broadcast can be received. Moreover, when the
television set 300 is connected to a communication network
with or without wires via the modem, one-way (from a sender
to a receiver) or two-way (between a sender and a receiver or
between receivers) information communication can be per-
formed.

FIG. 16B illustrates an example of a digital photo frame.
For example, a display portion 323 is incorporated in a hous-
ing 321 of a digital photo frame 320. The display portion 323
can display various images. For example, the display portion
323 can display data of an image shot by a digital camera or
the like to function as a normal photo frame.

Note that the digital photo frame 320 is provided with an
operation portion, an external connection terminal (a USB
terminal, a terminal that can be connected to various cables
such as a USB cable, or the like), a recording medium inser-
tion portion, and the like. Although these components may be
provided on the surface on which the display portion is pro-
vided, it is preferable to provide them on the side surface or
the back surface for the design of the digital photo frame 320.
For example, a memory storing data of an image shot by a
digital camera is inserted in the recording medium insertion
portion of the digital photo frame and the image data is
loaded, whereby the image data can be displayed on the
display portion 323.

The digital photo frame 320 may be configured to transmit
and receive data wirelessly. The structure may be employedin
which desired image data is transferred wirelessly to be dis-
played.
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FIG. 17 is a perspective view illustrating an example of a
portable computer.

In the portable computer of FIG. 17, a top housing 341
having a display portion 343 and a bottom housing 342 hav-
ing a keyboard 344 can overlap with each other by closing a
hinge unit which connects the top housing 341 and the bottom
housing 342. Thus, the portable computer is convenient for
carrying around. Moreover, in the case of using the keyboard
for input, the hinge unit is opened so that a user can input
looking at the display portion 343.

The bottom housing 342 includes a pointing device 346
with which input can be performed, in addition to the key-
board 344. Further, when the display portion 343 is a touch
input panel, input can be performed by touching part of the
display portion. The bottom housing 342 includes an arith-
metic function portion such as a CPU or hard disk. In addi-
tion, the bottom housing 342 includes an external connection
port 345 into which another device such as a communication
cable conformable to communication standards of a USB is
inserted.

The top housing 341 further includes a display portion 347
which can be stored in the top housing 341 by sliding it toward
the inside of the top housing 341. With the display portion
347, a large display screen can be realized. In addition, the
user can adjust the orientation of a screen of the storable
display portion 347. When the storable display portion 347 is
a touch input panel, input can be performed by touching part
of the storable display portion.

The display portion 343 or the storable display portion 347
is formed using an image display device such as a liquid
crystal display panel or a light-emitting display panel includ-
ing an organic light-emitting element, an inorganic light-
emitting element, or the like.

In addition, the portable computer illustrated in FIG. 17
can be provided with a receiver and the like and can receive a
television broadcast to display an image on the display por-
tion. While the hinge unit which connects the top housing 341
and the bottom housing 342 is kept closed, the whole screen
of the display portion 347 is exposed by sliding the display
portion 347 out and the angle of the screen is adjusted; thus,
the user can watch a television broadcast. In this case, the
hinge unit is not opened and display is not performed on the
display portion 343. In addition, start up of only a circuit for
displaying a television broadcast is performed. Therefore,
power can be consumed to the minimum, which is advanta-
geous for the portable computer whose battery capacity is
limited.

The method for manufacturing a semiconductor device
described in Embodiment 1 is applied, whereby the semicon-
ductor device of this embodiment can be manufactured in a
simple process, in which the any surfaces of a portion to be a
semiconductor layer provided for the semiconductor device is
not exposed to moisture or the like.

This application is based on Japanese Patent Application
serial no. 2010-231372 filed with Japan Patent Office on Oct.
14,2010, the entire contents of which are hereby incorporated
by reference.

What is claimed is:

1. A method for manufacturing a semiconductor device,
comprising the steps of:

forming a first conductive film over a substrate;

forming a first insulating film over the first conductive film;

forming a semiconductor film over the first insulating film;

forming a second conductive film over the semiconductor
film;

forming a mask film over the second conductive film;

forming a first resist mask over the mask film;
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forming a first mask layer by performing dry etching or wet
etching on the mask film with the first resist mask;
removing the first resist mask using a resist stripper;
forming a thin film stack body by performing dry etching
on the first insulating film, the semiconductor film, and
the second conductive film with the first mask layer after
removing the first resist mask, so that at least a surface of
the first conductive film is exposed;
removing the first mask layer by dry etching;
forming a second insulating film over the thin film stack
body;
etching the second insulating film to form a sidewall insu-
lating layer covering a side surface of the thin film stack
body;
forming a first electrode layer by performing wet etching or
dry etching on a side portion of the first conductive film;
forming a second mask film over at least the thin film stack
body;
forming a second resist mask over the second mask film;
forming a second mask layer by performing dry etching or
wet etching on the second mask film with the second
resist mask;
removing the second resist mask using a resist stripper; and
forming a second electrode layer and a semiconductor
layer by performing dry etching on an upper portion of
the thin film stack body with the second mask layer after
removing the second resist mask,
wherein the semiconductor film is an In—Ga—Zn—O-
based oxide semiconductor film,
wherein the first conductive film and the second conductive
film each is a titanium film, and
wherein the mask film is an aluminum oxide film.
2. The method for manufacturing a semiconductor device
according to claim 1, further comprising the steps of:
forming a pixel electrode layer over the second electrode
layer,
wherein the pixel electrode layer is connected to the second
electrode layer.
3. The method for manufacturing a semiconductor device
according to claim 1, further comprising the steps of:
forming a protective insulating film over the second elec-
trode layer;
forming an opening portion in the protective insulating film
so as to expose the second electrode layer; and
forming a pixel electrode layer over the protective insulat-
ing film and the opening portion in the protective insu-
lating film,
wherein the pixel electrode layer is connected to the second
electrode layer through the opening portion of the pro-
tective insulating film.
4. A method for manufacturing a semiconductor device,
comprising the steps of:
forming a first conductive film over a substrate;
forming a first insulating film over the first conductive film;
forming a semiconductor film over the first insulating film;
forming a second conductive film over the semiconductor
film;
forming a mask film over the second conductive film;
forming a first resist mask over the mask film;
forming a first mask layer by performing dry etching or wet
etching on the mask film with the first resist mask;
removing the first resist mask using a resist stripper;
forming a thin film stack body by performing dry etching
on the first insulating film, the semiconductor film, and
the second conductive film with the first mask layer after
removing the first resist mask, so that at least a surface of
the first conductive film is exposed;
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removing the first mask layer by dry etching;
forming a second insulating film over the thin film stack
body;
etching the second insulating film to form a sidewall insu-
lating layer covering a side surface of the thin film stack
body;
forming a second mask film over at least the thin film stack
body;
forming a second resist mask over the second mask film;
forming a first electrode layer by performing wet etching or
dry etching on a side portion of the first conductive film
after forming the second resist mask;
forming a second mask layer by performing dry etching or
wet etching on the second mask film with the second
resist mask;
removing the second resist mask using a resist stripper; and
forming a second electrode layer and a semiconductor
layer by performing dry etching on an upper portion of
the thin film stack body with the second mask layer after
removing the second resist mask,
wherein the semiconductor film is an In—Ga—Zn—O-
based oxide semiconductor film,
wherein the first conductive film and the second conductive
film each is a titanium film, and
wherein the mask film is an aluminum oxide film.
5. The method for manufacturing a semiconductor device
according to claim 4, further comprising the steps of:
forming a pixel electrode layer over the second electrode
layer,
wherein the pixel electrode layer is connected to the second
electrode layer.
6. The method for manufacturing a semiconductor device
according to claim 3, further comprising the steps of:
forming a protective insulating film over the second elec-
trode layer;
forming an opening portion in the protective insulating film
so as to expose the second electrode layer; and
forming a pixel electrode layer over the protective insulat-
ing film and the opening portion in the protective insu-
lating film,
wherein the pixel electrode layer is connected to the second
electrode layer through the opening portion of the pro-
tective insulating film.
7. A method for manufacturing a semiconductor device,
comprising the steps of:
forming a first conductive film over a substrate;
forming a first insulating film over the first conductive film;
forming a semiconductor film over the first insulating film;
forming a second conductive film over the semiconductor
film;
forming a mask film over the second conductive film;
forming a first resist mask over the mask film;
forming a first mask layer by performing dry etching or wet
etching on the mask film with the first resist mask;
removing the first resist mask using a resist stripper;
forming a thin film stack body by performing dry etching
on the first insulating film, the semiconductor film, and
the second conductive film with the first mask layer after
removing the first resist mask, so that at least a surface of
the first conductive film is exposed;
removing the first mask layer by dry etching;
forming a second insulating film over the thin film stack
body;
etching the second insulating film to form a sidewall insu-
lating layer covering a side surface of the thin film stack
body;

20

30

35

40

45

50

55

60

65

18
forming a second mask film over at least the thin film stack
body;
forming a second resist mask over the second mask film;
forming a second mask layer by performing dry etching or
wet etching on the second mask film with the second
resist mask;
forming a first electrode layer by performing wet etching or
dry etching on a side portion of the first conductive film
after forming the second mask layer;
removing the second resist mask using a resist stripper; and
forming a second electrode layer and a semiconductor
layer by performing dry etching on an upper portion of
the thin film stack body with the second mask layer after
removing the second resist mask,
wherein the semiconductor film is an In—Ga—Zn—O-
based oxide semiconductor film,
wherein the first conductive film and the second conductive
film each is a titanium film, and
wherein the mask film is an aluminum oxide film.
8. The method for manufacturing a semiconductor device
according to claim 7, further comprising the steps of:
forming a pixel electrode layer over the second electrode
layer,
wherein the pixel electrode layer is connected to the second
electrode layer.
9. The method for manufacturing a semiconductor device
according to claim 7, further comprising the steps of:
forming a protective insulating film over the second elec-
trode layer;
forming an opening portion in the protective insulating film
so as to expose the second electrode layer; and
forming a pixel electrode layer over the protective insulat-
ing film and the opening portion in the protective insu-
lating film,
wherein the pixel electrode layer is connected to the second
electrode layer through the opening portion of the pro-
tective insulating film.
10. A method for manufacturing a semiconductor device,
comprising the steps of:
forming a first conductive film over a substrate;
forming a first insulating film over the first conductive film;
forming a semiconductor film over the first insulating film;
forming a second conductive film over the semiconductor
film;
forming a mask film over the second conductive film;
forming a first resist mask over the mask film;
forming a first mask layer by performing dry etching or wet
etching on the mask film with the first resist mask;
removing the first resist mask using a resist stripper;
forming a thin film stack body by performing dry etching
on the first insulating film, the semiconductor film, and
the second conductive film with the first mask layer after
removing the first resist mask, so that at least a surface of
the first conductive film is exposed;
removing the first mask layer by dry etching;
forming a second insulating film over the thin film stack
body;
etching the second insulating film to form a sidewall insu-
lating layer covering a side surface of the thin film stack
body;
forming a second mask film over at least the thin film stack
body;
forming a second resist mask over the second mask film;
forming a second mask layer by performing dry etching or
wet etching on the second mask film with the second
resist mask;



US 9,276,124 B2

19

removing the second resist mask using a resist stripper;

forming a first electrode layer by performing wet etching or
dry etching on a side portion of the first conductive film
after removing the second resist mask; and

forming a second electrode layer and a semiconductor
layer by performing dry etching on an upper portion of
the thin film stack body with the second mask layer after
removing the second resist mask,

wherein the semiconductor film is an In—Ga—Zn—O-
based oxide semiconductor film,

wherein the first conductive film and the second conductive
film each is a titanium film, and

wherein the mask film is an aluminum oxide film.

11. The method for manufacturing a semiconductor device

according to claim 10, further comprising the steps of:

forming a pixel electrode layer over the second electrode
layer,

wherein the pixel electrode layer is connected to the second
electrode layer.

12. The method for manufacturing a semiconductor device

according to claim 10, further comprising the steps of:

forming a protective insulating film over the second elec-
trode layer;

forming an opening portion in the protective insulating film
so as to expose the second electrode layer; and

forming a pixel electrode layer over the protective insulat-
ing film and the opening portion in the protective insu-
lating film,

wherein the pixel electrode layer is connected to the second
electrode layer through the opening portion of the pro-
tective insulating film.
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